Many small RNAs contribute essential activities to eukaryotic cells. In mammalian genomes dispersed repetitive sequences which exhibit homology to small RNAs often exist as pseudogenes which can complicate identification, localization, and analysis of the authentic gene. We mapped a productive human 7SK small nuclear RNA gene to human chromosome 6 by analyzing Northern blots derived from a panel of somatic cell hybrids that contain single human chromosomes. In order to avoid crossreactlvity of the probe with rodent 7SK RNA, which Is 98% Identical to human 7SK, a method termed homolog exclusion probing was developed. This method uses an excess of non-labelled rodent-specific oligodeoxynucleotlde to block the rodent 7SK RNA from hybridizing with the human-specific oligodeoxynucleotlde probe. The effectiveness of this method to enhance the human 7SK RNA signal is demonstrated. The potential to map and subsequently isolate other small RNA genes by this approach and the use of homolog exclusion probing to discriminate among family members of highly related RNAs and DNAs In a single species is discussed.
INTRODUCTION
Most small RNAs exist in cells complexed with specific polypeptides as small ribonucleoprotein (RNP) particles (1) . Many of these evolutionary conserved small RNAs are involved in essential functions in eukaryotic cells. Although no genetic disorders involving small nuclear (sn) RNAs of humans have yet been observed, a mutation in the gene encoding an RNP protein known as SnrpN has recently been found to be associated with the Prader -Willi Syndrome (2, 3) . This indicates that defects in snRNP components may be a source of human heritable disorders. Thus, the chromosomal locations of small RNA genes should become important markers for human genetics.
Pseudogenes homologous to various small RNAs are found dispersed in human and other mammalian genomes (4) . In many cases truncated and defective sequences far outnumber the corresponding authentic genes in mammalian DNA (5-11, reviewed in 4). While cDNA-derived probes can be used to isolate and physically map single copy genes, this strategy is often not practical for genes belonging to dispersed repetitive sequence families (5, 9, 10) . Thus, small RNA genes must often be isolated from a background of abundant pseudogenes. Only after functionality of the isolated gene is established can its flanking sequences then be used for conventional chromosomal localization.
Here we report the localization of an authentic 7SK RNA gene to a single human chromosome by analyzing its RNA product expressed in rodent X human somatic cell hybrids (SCH) which retain single human chromosomes. 7SK snRNA is highly conserved in mammals and exists as part of an abundant RNP (12) . While function is yet unknown sequence and structural analyses suggest that 7SK RNA is involved in pre-mRNA processing (12) .
Although a human gene for 7SK RNA has been isolated and its regulation studied (5, (13) (14) (15) (16) (17) it was unknown whether productive 7SK RNA genes reside on more than one chromosome. The sequence encoding this abundant RNA had not previously been localized to a human chromosome. The oligodeoxynucleotide probe used in the present study was derived from the published human 7SK RNA sequence (18) . However, because of the high degree of sequence conservation between rodent and human 7SK. RNA sequences (98%) we had to specifically block hybridization of the human-specific oligodeoxynucleotide probe to the homologous rodent RNA. This was accomplished by including non-labelled rodent-specific oligonucleotide in the hybridization solution. We refer to this method as homolog exclusion probing (HEP) because it excludes homologous sequences from detection. Analysis of RNA rather than DNA further eliminates the problem of detecting pseudogenes since *To whom correspondence should be addressed (in most cases) these are not expressed. We demonstrate the applicability of this approach by mapping the 7SK RNA gene to human chromosome 6.
MATERIALS AND METHODS

Cell lines
Human (HeLa; S3), Chinese hamster (RJK) and mouse (H615) cell lines were maintained under standard conditions. Maintenance of SCH lines was as recommended by the suppliers. SCH lines A9+2, A9 + 3, A9+12, A9+15 and GM10481 were kindly provided by O.Pereira-Smith; the A9 derivatives were previously characterized as human monochromosomal hybrids (19 (20) , and in some cases also by fluorescent in situ hybridization using a human-specific probe. At least fifteen metaphases were analyzed for each hybrid cell line with the exception of GM11010 and GM10478 where twelve and eleven were analyzed, respectively. In all cases the cell lines contained the expected single human chromosome at a frequency within 10% of that published.
Northern blot analysis
Northern blot analysis was as previously described (21, 22) . All cells were grown as monolayers. The attached cells were washed three times with PBS before the addition of guanidinium lysate buffer (4 M guanidinium thiocyanate, 10 mM tris-Cl; pH 7.4, 0.5% n-lauroyl sarcosine, 1% beta-mercaptoethanol). The samples were polytron homogenized to shear genomic DNA, adjusted to 0.2 M NaAc; pH 4.0 and extracted with H 2 Osaturated (acidic) phenol and chloroform twice and precipitated with ethanol. Total nucleic acid was resuspended in 0.5 ml of 10 mM tris-Cl; pH 7.5, 10 mM MgCl 2 , 5 mM VRC (BRL) and treated with 160 units of DNase I (RNase free; Boehringer Mannheim) at 37°C for 15 min. Samples were then made 1% SDS and 0.15 M NaAc; pH 4.0 and extracted twice with acidic phenol:chloroform followed by chloroform extraction and ethanol precipitation. Integrity of the RNA samples was verified by PA-GE/staining which revealed a characteristic profile of small cellular RNAs and no evidence of degradation.
RNA blotting was from 5.5% polyacrylamide (40:1 acrylamide:bis), 8 M urea gels as previously described (21) . 100 Hg of cellular RNA (as EtOH precipitate-suspension) plus 40 ng of sonicated salmon sperm carrier DNA (RNase-free; EtOH suspension) the latter of which facilities transfer (23) were cosedimented, dried and resuspended in formamide loading buffer. This material was fractionated by urea-PAGE and transferred to a Gene Screen Plus (Dupont) nylon membrane in a BioRad trans blot cell with plate electrodes at 30V for 16 hrs with continuous cooling. The blot was crosslinked using a Stratagene UV crossl inker and allowed to dry thoroughly before prehybridization and hybridization.
Oligodeoxynucleotides
Oligodeoxynucleotides designated h7SK and m7SK are complementary to the same region of human and murine 7SK RNAs respectively but differ at two positions as indicated in the legend to Fig. 1 . This region of complementarity was chosen because it harbored the highest density of sequence divergence between the human and rodent 7SK RNAs that could be incorporated into a short oligodeoxynucleotide probe (5, 15, 18) . The h7SK oligodeoxynucleotide was end-labelled with ( 32 P-7)ATP by T4 polynucleotide kinase and used as a probe for human 7SK RNA. In most experiments unlabelled m7SK oligodeoxynucleotide was added at 20-fold molar excess relative to the 32 P-h7SK probe in order to block the rodent 7SK RNA from reacting with the human-specific probe. Oligodeoxynucleotide probes complementary to U1 RNAs was used to control for RNA integrity and loading.
Hybridizations were performed at 58°C in a solution containing 6x SSC, 2x Denhardt's solution, 0.5% SDS and 100 jig/ml yeast RNA using 2x 10 6 cpm/ml of probe. Hybridization was for 16 hrs after which the blots were washed twice at room temperature in 2 X SSC for 20 minutes then at 58 C C in 2 x SSC, 0.1 % SDS for another 20 minutes. The blots were then exposed to X-ray film.
RESULTS
Experimental strategy
The high degree of sequence conservation found between rodent and human 7SK RNA genes in their coding as well as flanking regions (5), in addition to the ubiquitous presence of 7SK RNA in mammalian cells, suggested that the human gene would be expressed in hybrid cell lines. 7SK RNA represents an homogeneous species in both rodent and human cells (12, 15) . In order to identify SCHs that expressed a human 7SK gene, RNA from a panel of rodent X human hybrid cell lines was probed with a human 7SK (h7SK)-specific oligodeoxynucleotide (22, 24) . The 24 nucleotide (nt) probe was directed to a region of human 7SK RNA which differs from the highly related rodent 7SK sequence at two positions. An initial experiment showed that one of the SCHs designated GM 10629, which contains chromosome 6 as its only human chromosome, exhibited a much stronger hybridization signal than the other SCHs (data not shown). However, two rodent cell lines exhibited low but significant hybridization to the human-specific probe as did all of the SCH lines (data not shown). This indicated that the probe was crossreacting at low levels with rodent 7SK RNA. In order to address the possibility that a component of the hybridization signal in some of the SCHs might be due to low level expression from a human chromosome(s) other than 6, it was important to specifically decrease the signal from rodent 7SK RNA. We reasoned that an unlabelled oligodeoxynucleotide directed to the same region of the RNA as the 32 P-h7SK probe but incorporating the two rodent-specific bases would specifically block the rodent RNA from interacting with the human-specific probe thereby enhancing the signal from the human 7SK transcript. The human-and murine-specific oligodeoxynucleotides are complementary to the same region of their respective target RNAs but differ at two positions as indicated in the legend to Figure 1 . This region, from position 148 to 173 in the 7SK RNA, exhibits the highest density of sequence divergence between these two species' RNAs, which otherwise differ at 5 positions over the remainder of their 331 nt length (5). The murine-specific oligo, m7SK, has the same T m as h7SK and so could be used simultaneously with the human-specific probe.
Demonstration of efficacy of homolog exclusion probing (HEP)
For the experiment shown in Figure 1 duplicate Northern blots containing total RNA from human (HeLa), mouse (H615), and two rodent X human SCH cell lines were analyzed. GM 10629 contains chromosome 6 while GM10114 contains chromosome 5. The blots were probed with 32 P-labelled h7SK either in the absence (Fig. 1A) , or in the presence (Fig. IB) , of a 20-fold molar excess of unlabelled m7SK oligodeoxynucleotide. A strong band of RNA of the expected size of 331 nt was observed in HeLa cells as well as in the chromosome 6-containing hybrid GM 10629 (Fig. 1 A) . Under these conditions a band of RNA was also observed at relatively low levels in the hamster-derived SCH GM10114 and the mouse cell line H615 (Fig. 1A) . However, the rodent signal could be virtually eliminated by including unlabelled rodent-specific m7SK oligodeoxynucleotide in the hybridization solution (Fig. IB) . Direct quantitation of these bands by phosphor storage laser densitometry revealed an approximately 50 fold enhancement of the human-specific 7SK RNA signal. We conclude that the 7SK RNA signals present in the H615 mouse cells and hybrid cells GM10114 detected in the absence of unlabelled m7SK oligonucleotide was due to non-specific crossreactivity of rodent 7SK RNA with the human-specific probe. And that this level of crossreactivity could be effectively blocked with unlabelled m7SK oligonucleotide. These results demonstrated that homolog exclusion probing greatly increased the confidence with which these highly related RNAs could be discriminated from each other. Since 100% of GM 10629 cells contain chromosome 6 as their only human chromosome (24) the results demonstrate that this chromosome encodes 7SK RNA.
Chromosome 6 is the sole human chromosome that produces 7SK RNA As discussed in the introduction 7SK-homologous sequences are distributed throughout human DNA. This fact prompted us to examine whether multiple human chromosomes might produce 7SK RNA. This was done by probing a panel of hybrid cells which represented the full complement of human chromosomes (Fig. 2) . Northern blots containing total RNA samples from SCHs were probed with 32 P-labelled h7SK in the presence of unlabelled m7SK oligodeoxynucleotide. As can be seen in Figure  2A human 7SK RNA was produced by GM 10629 (lane 11) the SCH which contains chromosome 6 as its only human chromosome confirming the earlier results. No cross-reactivity was evident in mouse cells (H615; lane 2), Chinese hamster cells (RJK; lane 1), or any of the SCHs containing human chromosomes other than 6. As a control for RNA integrity and sample loading the hybridization pattern of the blots shown in Figure 2A using an oligodeoxynucleotide complementary to U1 RNA is shown in Figure 2B . The results demonstrated that a productive 7SK RNA gene resides on human chromosome 6 and that its transcript accumulates to significant levels in the hybrid cells.
DISCUSSION
Because of an abundance of 7SK-homologous sequences in human DNA we examined the full complement of human chromosomes for their ability to produce 7SK RNA. We conclude that a productive 7SK small RNA gene resides on a single human chromosome which is chromosome 6. Localization of the 7SK RNA gene to a specific subregion f chromosome 6 must await the availability of SCHs which contain fragments of chromosome 6. A previously isolated gene which encodes the 331 nt 7SK RNA was found to be present as a single copy sequence in human DNA (5, 13, 15) . The upstream sequence elements required for transcription of this gene by RNA polymerase m have been well characterized (13) (14) (15) (16) (17) . The same array of upstream elements have been found in the mouse 7SK RNA gene which is also present in single copy in its genome (5). These observations strongly argue that there is a single 7SK RNA gene in the human (and mouse) genome. Our findings support this conclusion. The cumulative data indicate that this gene resides on human chromosome 6.
The human 7SK transcript accumulates to substantial levels in a rodent X human somatic cell hybrid which harbors chromosome 6 as its only human chromosome. The ability to discriminate between highly related RNAs by the homolog exclusion probing method described here, suggests that human 7SK RNA genes bearing site-directed mutations can be introduced into rodent cells and the metabolism of their transcripts can be followed.
Homolog exclusion probing can be used on SCH RNA blots as a method for the chromosomal assignment of highly conserved genes for which the human and rodent sequences are known. We note that for RNAs which share less identity than human and rodent 7SK it may be possible to discriminate between them using one labelled probe alone (CD. and R.M., unpublished). Certain advantages of mapping small RNA genes by RNA blot analysis of SCHs are noteworthy. Conventional gene mapping requires the prior isolation and characterization of DNA to be used as probe whereas the method described here uses short synthetic oligo probes. In any case, the use of SCH RNA for gene mapping is limited to human genes which are expressed in rodent cells. However, probing for a gene product avoids detection of pseudogenes which in most cases are not expressed and might otherwise be detected by cDNA probes using conventional mapping techniques. Although the method described here will not replace gene mapping by more conventional methods it should be especially useful for localizing small RNA genes which belong to dispersed repetitive families by reducing background prior to their isolation. Once a productive gene is assigned to a single human chromosome or part thereof, a library can be made from die SCH or obtained from chromosomespecific yeast artificial chromosomes and screened. This approach has been successfully used to isolate a clone containing the authentic hY4 small cytoplasmic RNA gene (Maraia et al., in preparation) .
Further applications of HEP include its use for discriminating among highly related sequences in a single species. For example, for monitoring expression from, or for the isolation of, a particular member of a subfamily of a repetitive sequence class of DNA. HEP may also be extended to primer extension and nuclease protection assays.
